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Abstract 

Wildfires are multi-system and multi-scale processes that are influenced by the 

land and atmosphere. Here, we study the influence of land, in terms of topography and 

vegetation, on uphill and downhill fire spread using data of the state of California as a 

testbed. The California landscape is first quantified by reclassifying its dominant 

vegetation types into grass, trees, and shrubs. Next, statistics of slope, vegetation 

height, and live fuel moisture percentage for each dominant vegetation type are 

gathered to create ensembles of idealized computational fluid dynamics (CFD) model 

simulations representative of the landscape. Rate of spread values for each CFD 

simulation are recorded to observe the differences in perturbing slope and fuel moisture 

for each vegetation type. We have found that all vegetation types prefer slopes of less 

than 30 degrees. Trees in the California data are 10 to 40 meters high, whereas shrub 

heights are less than 3 meters and grass heights are less than 1 meter. The live fuel 

moisture percentage of both trees and shrubs fluctuates around approximately 100% 

over one year (2019-2020). Using these parameters as inputs into the CFD model, fire 

spread rate is found to be fastest in the grass ensemble (maximum 12 m s-1), followed 

by shrubs (maximum 10 m s-1) and lastly by trees (maximum 7 m s-1). Increasing slope 

increases the spread rate of the uphill fire but the downhill spread decreases for slopes 

greater than 15 degrees. Increasing fuel moisture decreases the spread rate both up 

and down the hill. This study highlights the impacts that topography and vegetation 

have on fire spread. 

 

Introduction  

Topography and vegetation are two of the main drivers of fire behavior (Butler et 

al, 2007, Agee, 1996). Examples include ridge lines serving as natural barriers to fire 

progression or high intensity crown fires driven by the presence of dry trees (Sharples et 

al, 2012, Kuljian et al, 2010). One important topographic driver of fire behavior is the 

terrain slope. In the presence of wind and under identical fuel conditions, fire spread 
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increases with increasing slope as the angle of radiation between the flame front and 

the ground decreases (Butler et al, 2007). Fire behavior also changes seasonally 

depending on vegetation (e.g., fuel moisture) and atmospheric changes (e.g., regional 

weather events) (Bessie et al, 1995, Hess et al, 2001, Swetnam, 1993). Therefore, 

accurate characterizations of the landscape are needed to properly describe and predict 

fire behavior. 

CFD models of coupled fire-atmosphere interactions, such as HIGRAD/FIRETEC 

(Linn et al, 2002), Wildland Urban Interface Fire Dynamics Simulator (WFDS), and 

Weather Research and Forecasting-Fire (WRF-Fire) can be used to provide detailed 

information of wildfire behavior under the effects of land and atmosphere (Sullivan, 

2009). However, due to the high resolutions necessary for representing relevant 

processes, these models operate on limited spatial and short temporal scales. These 

CFD models are able to represent details of fire spread during a portion of an individual 

event and can offer information and insights about fire behavior over realistic terrains. 

They are not used however to simulate trends in fire behavior over long periods of time 

or across larger regions due to their high computational expenses. While such fine-

scale CFD models cannot be implemented on a global scale, the data they generate 

can be used to inform representations of the aggregated macroscale influence of fires 

on the land surface and atmosphere. Here, we use HIGRAD/FIRETEC for this purpose. 

HIGRAD/FIRETEC is a 3-dimensional physics-based wildfire model which couples land-

atmosphere-fire interactions on a scale of hundreds to thousands of meters (Linn et al, 

1998). HIGRAD (High Gradient Flow Solver) is a computational atmospheric 

hydrodynamics model that represents airflow and its interaction with the terrain and 

vegetation (Reisner et al, 2000), while FIRETEC is a wildfire behavior model which 

represents combustion, heat transfer, aerodynamic drag, and turbulence (Linn et al, 

2002). Together, HIGRAD/FIRETEC (abbreviated here as FIRETEC) represents fire 

behavior influenced by vegetation and atmosphere over complex terrain. 
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This aims to study uphill and downhill fire spread based on FIRETEC simulations 

informed by terrain and vegetation data to investigate the effect landscape plays on fire 

behavior. Using the state of California as a testbed, a combination of geospatial 

datasets is analyzed that includes elevation, vegetation characteristics, and live fuel 

moisture content. Based on the landscape statistics obtained from these data, we 

create ensembles of fine-scale FIRETEC simulations for three super-sets of vegetation 

types (grasses, shrubs, trees). For each vegetation super-set, we then vary slope, wind 

speed, and fuel moisture. For each simulation, two rates of fire spread are calculated: 

an uphill rate of spread (ROS), and a downhill ROS. The ROS matrix obtained by this 

analysis highlights the effect terrain and vegetation have on fire behavior.  

 

Methods 

2.1 Characterizing the Landscape of California 

We characterize the landscape across the state of California using several different 

datasets of topography and vegetation characteristics. For topography, we use 

elevation data from the US Geological Survey (USGS) National Elevation Dataset 

(NED) (U.S. Geological Survey, 2019). The ⅓ arc-second Digital Elevation Model 

(DEM) gives elevation at 30-m resolution and is created using remote sensing (Figure 

1A). For vegetation, we use Landscape Fire and Resource Management Planning Tools 

(LANDFIRE), which is a collection of datasets describing vegetation, fuel, and 

topography of the entire US in 30-m resolution. LANDFIRE datasets are created using a 

combination of remote sensing and vegetation modeling (LANDFIRE, 2016) (Figure 

1B). We obtain both topography and vegetation data for 62 1-degree by 1-degree tiles 

covering the state of California. The tiles are approximately 130 km by 110 km, though 

the exact size of each tile depends on latitude. 

2.1.1 Vegetation data 

For vegetation, we use a combination of LANDFIRE Existing Vegetation Type 

(EVT) and Existing Vegetation Height (EVH), both from the 2016 LANDFIRE product 
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(LANDFIRE, 2016).To simplify producing inputs for FIRETEC, we first reclassify the 21 

EVTs into four supersets including trees, shrubs, grass, and non-burnable areas (Figure 

2).  

 

Figure 1  A: USGS Digital Elevation Model 30-m resolution 1 degree by 1 degree tiles 

covering California (left). B: LANDFIRE Existing Vegetation Type 30-m resolution 1 

degree by 1 degree tiles covering California (right). 
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Figure 2 LANDFIRE Existing Vegetation Types and their reclassifications. A total 

of 21 vegetation types are reclassified into 4 vegetation types 

The three burnable types (trees, grass, and shrubs) and their landscape statistics 

are the focus of the FIRETEC inputs. In addition to vegetation type, FIRETEC inputs 

needed to build fuel beds include information about the fuel structure such as: fuel 
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height for surface and canopy fuels, height to live crown (height from ground to canopy 

bottom), crown radius for shrubs and trees, fuel density, and fuel moisture. We obtain 

information about fuel heights from the LANDFIRE EVH variable. EVH is defined as “the 

average height of the dominant vegetation for a 30-m cell” (LANDFIRE, 2016). Figure 3 

illustrates the LANDFIRE height of each reclassified vegetation type. 

 
Figure 3 LANDFIRE height (m) of reclassified vegetation over the entire state of 

California 

Figure 3 indicates that the grass heights range from 0 - 1 m with the highest 

density at 0.2 - 0.4 m. Tree height represents a normal distribution ranging from 0-40 m 

with a mean of 20 m. Short (<10 m) tree heights have a higher probability density than 

tall trees (>30 m). Based on these height distributions, we extract height to live crown 

and crown radius information from a dataset of 4,537 individual tree measurements 

taken near Blodgett Forest Research Station in CA, provided by Lucas Wells (personal 

communication, L. Wells, 03/06/2021). Shrub height is distributed with mean ~0.4 m, 

however heights of up to 3 m are represented in the data. A dataset from USFS (Li et al, 

2016) is used containing 9 shrubs (chamise and manzanita) with breast diameter, tree 

height, and height to live crown defined. 

Our bulk density values are a single FIRETEC input. Our grass bulk density is set 

to 0.5 kg m-3, trees are 0.6 kg m-3, and finally shrubs are 1.3 kg m-3. To determine the 

amount of trees and shrubs necessary for the FIRETEC ensembles, we use 

LANDFIRE’s Existing Vegetation Cover (EVC) defined as “the vertically projected 
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percent cover of the live canopy layer for a 30-m cell” (LANDFIRE, 2016). The mean 

EVC percentage for trees is 49% and for shrubs is 23%. We use these values when 

creating the FIRETEC domains for trees and shrubs by randomly placing our vegetation 

and calculating the amount of fuel above the surface.  

We vary surface fuel moisture for all three fuel types between 5% and 50 %, 

using a total of 5 surface fuel moisture values: 5%, 10%, 15%, 25%, 50%. For shrub 

and tree fuels, we set canopy fuel moisture to 100% in all simulations. This is because 

fire spread is most sensitive to variation in surface fuels, which can drive a fire spread 

even if fire does not affect the canopy (Mutlu et al, 2008). The choice of 100% canopy 

fuel moisture was made by considering the Live Fuel Moisture Content, defined as “the 

mass of water per unit dry biomass in vegetation”, from Rao et al (2020). This is a 

dataset created from a combination of observations, satellite imagery, and machine 

learning, and is available at 250 m resolution for the western U.S. for the time period of 

2016 to 2020. To gain an understanding of typical canopy fuel moistures in CA forests 

and shrublands, we evaluate LFMC values from 9/2019 to 8/2020 (LFMC dataset year) 

for each LANDFIRE reclassified type, downscale from 250 m to 30 m resolution. The 

LFMC dataset year is used because of the completeness of the data record over CA 

and its similar time frame to the 2016 LANDFIRE data. Figure 4 A and B first show 

LFMC histograms for trees and shrubs for the LFMC dataset year over CA. The 75th 

and 95th percentile of the data is denoted by the red dotted line. Figure 4 C and D next 

show the monthly trend of LFMC for trees and shrubs. The highlighted markers in the 

monthly graph represent the mean LFMC for the month with the error bars representing 

1 standard deviation. Grey markers represent a sample of raw data points.  
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Figure 4 LFMC of CA reclassified vegetation types trees and shrubs during 9/2019 

to 8/2020  (LFMC dataset year). A: Histograms of trees LFMC over CA;  B: Histograms 

of shrubs LFMC over CA; C: Trees LFMC variations for each month over the data year; 

D: Shrubs LFMC variations for each month over the data year 

Monthly LFMC of both vegetation types during the dataset year decrease from 

May to August and increase from December to March (Figure 4 C and D). LFMC in 

trees ranges from 75-95% +/- 20%. Shrub LFMC is lower than that for trees and ranges 

from 70-80% +/-17%. Based on this data and the fluctuations in LFMC over the dataset 

year, 100% LFMC is used for the canopy fuels in tree and shrub simulations.  
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2.1.2 Topography Data 

To characterize topography, we convert USGS DEM elevations, ℎ(𝑥, 𝑦), to local 

slope using the following equation: 

𝐿𝑜𝑐𝑎𝑙	𝑆𝑙𝑜𝑝𝑒 = 𝑆 = 𝑎𝑟𝑐𝑡𝑎𝑛	(		4(𝜕!ℎ)" + (𝜕#ℎ)"			)	

We then classify slope by vegetation type. Figure 5 shows histograms of local 

slope for each vegetation type. We use these distributions to determine slope ranges to 

use in FIRETEC simulations. 

 
Figure 5  Slope histograms from DEM separated by burnable reclassified 

LANDFIRE vegetation types for all CA  

Local slope distributions for each re-classified LANDFIRE type show a high 

frequency of slopes < 20 degrees in grass and shrubs. Steeper slopes are more 

prevalent in the tree superset. Based on this information, we build FIRETEC simulation 

domains spanning slopes (1-10, 15, 20, 30 degrees) which cover a broad range of the 

slope distributions presented above.   

2.2 Creating a Fire Spread Response Matrix 

We run FIRETEC to simulate fire spread through fuel beds created based on the 

vegetation and topography data described above. We use a domain with dimensions of 

1000 m in x-direction, 600 m in y-direction, and 1200 m in z-direction. The domain 
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includes a hill with 13 different slopes (1-10, 15, 20, and 30 degrees). A schematic of 

the general simulation domain is shown in Figure 6.  

 
Figure 6  FIRETEC domain and simulation setup 

The incline starts at 78 m from the inlet to the left. Between 122 meters and 316 

meters from the inlet, the slope is uphill and constant. At 317 meters, the slope begins 

to curve. The top is located at 356 m. From there the hill is mirrored, with another 

section of constant slope between 398 m and 592 m from the inlet. Past 634 m from the 

inlet, and until the far end of the domain, the terrain is flat. The fire ignition line is parallel 

to the hill and located between 140 m from the inlet at the bottom of the constant slope 

uphill section of the hill. The ignition line is centered on the y-axis, is 2 m wide and 60 m 

long. We have tested several ignition line lengths, and have chosen 60 m to ensure that 

the domain boundaries do not interact with the simulated physics at least during uphill 

fire spread. Due to vorticity-driven lateral spread (see Section 4), the domain 

boundaries do interact with the fire on the downhill portion of the hill. 

We initialize the wind field with a logarithmic profile for the wind in the x-direction 

(u) that is empirically defined based on LAI and vegetation height (Kaimal & Finnigan, 

1994; Raupach et al., 1996). We use three different wind speeds to initialize FIRETEC 
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simulations. The streamwise velocity, u, is set to be equal to 3 m s-1, 6 m s-1, and 12 m 

s-1, respectively, roughly 10 m above the canopy - or at 10 m for grass fuels, 45 m for 

trees, and 10 m for shrubs. At t = t0 we assume that cross-stream and vertical velocities, 

v and w, are zero everywhere. The atmospheric stratification in all simulations is neutral, 

with an initial ambient temperature of 300 K. 

FIRETEC fuel beds are created using vegetation inputs discussed above. We set 

up three simulation ensembles for the three reclassified fuel types, grass, shrub, and 

trees. The grass ensemble uses a fuel height of 0.3 m and a bulk fuel density of 0.5 kg 

m-3 for all simulations. Five surface fuel moisture values (5%, 10%, 15%, 25%, 50%) are 

chosen based on grass moistures from the Standard Fire Behavior Fuel Models (Scott 

et al, 2005). These grass fuel inputs are combined with 13 slopes and 3 wind speeds to 

result in 195 total FIRETEC simulations in grass fuels. To build the tree fuel beds, we 

first obtain a range of heights (10- 40 m) and most common species (douglas fir, 

ponderosa pine, sugar fir, & white birch) from LANDFIRE data. Next, we extract a 

subset of tree measurements, which match these parameters from Lucas Wells’ 

Blodgett dataset. Values of tree height, height to live crown (height from ground to 

canopy bottom), and crown radius are used to build trees for FIRETEC, which are 

randomly distributed across the domain until the canopy bulk density in the domain 

equals 0.6 kg m-3. Canopy fuel moisture for both trees and shrubs is held at 100% while 

surface fuel moisture is varied between 5% and 50%. Shrub fuel beds for FIRETEC 

simulations are set up in a similar way to trees instead using observational shrub 

measurements from Li et al. The canopy bulk density input for FIRETEC is set to 1.3 kg 

m-3. Tree and shrub fuel inputs are again combined with 13 slopes and 3 wind speeds 

to result in 195 FIRETEC simulations each for tree and shrub fuels. 

The speed of a fire in a FIRETEC simulation is measured as the rate of spread 

(ROS) defined here as the average speed of the fire across a 100m distance on the 

uphill and downhill constant slope portions of the FIRETEC domain (Figure 7). 
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Figure 7 FIRETEC Domain with rate of spread (ROS) uphill and downhill portions 

defined 

The placement of the 100 m segments is chosen because of the constant slope 

and adequate distance from the ignition line, which ensures that the fire line can 

develop before ROS is calculated. 

Results 

We obtain fire spread rate (ROS) from ensembles of FIRETEC simulations with 

varying slope, ambient wind speed, and surface fuel moisture for each re-classified 

burnable LANDFIRE type. These simulations represent a wildland fire moving through 

the domain. FIRETEC simulations for trees, grass, and shrubs all implement the same 

general domain (Figure 6). The domain size, ignition starting location, and ignition 

length are constant across all simulations, as well as the range of slope and ambient 

wind. The results of the FIRETEC simulations are recorded as the ROS up and down a 

constant sloped portion of the hill domain (Figure 7). Results for each vegetation type 

form a response matrix which highlights the difference in fire spread for varying 
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vegetation types and slopes (Figures 8-13). Simulations with no ROS recorded are yet 

to be completed.  

3.1 Rate of Spread for Grass Simulation Ensembles 

In the case of 3  m s-1 wind, uphill fire ROS generally increases with slope and 

decreases with fuel moistures 5%-50%. We see a decrease in ROS between slopes 9 

and 10 degrees for all fuel moistures. There is no uphill spread for 50% fuel moisture at 

any slope. The two fastest ROS in this wind case, 3.4 and 3.3  m s-1, occur on the 30-

degree slope with 10% and 5% fuel moisture. For 6  m s-1 winds, a similar trend is seen 

with uphill fire ROS increasing with slope and decreasing with fuel moisture in all cases. 

The two fastest ROS in this wind case, 9.5 and 9.2  m s-1, occur on the 30-degree slope 

with 10% and 5% fuel moisture. We again see a decrease in ROS between slopes 9 

and 10 degrees for all fuel moistures. In the case of 12  m s-1 wind, the uphill ROS 

increases with slope and decreases with fuel moisture. The fastest ROS in the uphill 

case is 11.9  m s-1 at 5% fuel moisture (Figure 8).  

For 3  m s-1 wind, the downhill ROS is zero for almost all fuel moistures greater 

than 5%. The 5% fuel moisture case shows downhill ROS between 0.2-0.4  m s-1 for 

slopes 1 to 9 degrees. Steeper slopes for this fuel moisture case show no ROS. The fire 

does not spread uphill or downhill in the 50% fuel moisture case. In the 6  m s-1 wind 

case, the downhill ROS for fuel moistures 5% and 10% increases with slope up to 15 

degrees then decrease for cases of slope greater than 15 degrees. For 15%, 25%, and 

50% fuel moistures, ROS decreases with increasing fuel moisture and fluctuates +/- 0.3  

m s-1 for slopes 1 to 9 degrees. The fire does not spread downhill for slope 30 degrees 

and fuel moisture 5%, 10%, 15%, 25%, and 50%. For wind 12  m s-1, the downhill ROS 

increases with slope until 15 degrees then decreases to speeds slower than the low 

slope cases with the same fuel moisture. The fire does not spread downhill for slope 30 

degrees and fuel moisture 5%, 10%, 15%, 25% (Figure 9). 
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Figure 8 FIRETEC uphill ROS results for grass varying fuel moisture (5%: blue, 

10%: orange, 15%: green, 25%: red, 50%: purple), and slope (1-10, 15, 20, 30 degrees). 

Initial wind speeds are denoted by symbols circle (3  m s-1), cross (6  m s-1), and square 

(12  m s-1).  
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Figure 9 FIRETEC downhill ROS results for grass varying fuel moisture (5%: blue, 

10%: orange, 15%: green, 25%: red, 50%: purple), and slope (1-10, 15, 20, 30 degrees). 

Initial wind speeds are denoted by symbols circle (3  m s-1), cross (6  m s-1), and square 

(12  m s-1).   
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3.2 Rate of Spread for Tree Simulation Ensembles 

For 3  m s-1 winds, uphill fire ROS is zero in almost all cases except for slope of 

30 degrees and surface fuel moistures 5%, 10%, 15%, and 25%, and slope 20 degrees 

with fuel moisture 5%. These non-zero ROS decrease with increasing fuel moistures. 

The fastest ROS in this wind case, 1.8  m s-1, occurs on the 30 degree slope at 5% fuel 

moisture. In the case of 6  m s-1 wind, ROS is zero for slopes 1 to 10 degrees and fuel 

moistures 10%-50% with the exception of 7 and 10 degree slopes at 10% fuel moisture. 

ROS increases with slope in the 5% fuel moisture case. The maximum ROS in this wind 

case is 5.3  m s-1 and occurs at 30 degree slope, 5% fuel moisture. In the case of 12  m 

s-1 wind, a similar trend is seen as in the grass cases with uphill fire ROS increasing 

with slope and decreasing with fuel moisture. There is no uphill spread in the 50% fuel 

moisture case. The fastest ROS in this wind case (and tree ensemble), 6.9  m s-1, 

occurs on the 20 degree slope with 5% fuel moisture (Figure 10). 

For 3  m s-1 winds, the downhill fire ROS is zero in all cases. In the case of 6  m 

s-1 wind, the downhill ROS is zero in most cases, with the exception of fuel moisture 5%, 

10%, 15%, 25% and slopes 10, 15, 20, 30 degrees. No spread downhill is seen in the 

50% fuel moisture case for any slope. In the case of 12  m s-1 wind, the non-zero 

downhill ROS values increase with slope and decrease with fuel moisture. No spread 

downhill is seen in the 50% fuel moisture case (Figure 11). 
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     Figure 10 FIRETEC uphill ROS results for trees varying fuel moisture (5%: blue, 

10%: orange, 15%: green, 25%: red, 50%: purple), and slope (1-10, 15, 20, 30 degrees). 
Initial wind speeds are denoted by symbols circle (3  m s-1), cross (6  m s-1), and square 
(12  m s-1). 
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Figure 11 FIRETEC downhill ROS results for trees varying fuel moisture (5%: blue, 10%: 
orange, 15%: green, 25%: red, 50%: purple), and slope (1-10, 15, 20, 30 degrees). Initial wind 
speeds are denoted by symbols circle (3  m s-1), cross (6  m s-1), and square (12  m s-1).  
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3.3 Rate of Spread for Shrub Simulation Ensembles 

For 3  m s-1 wind, uphill fire ROS increases with slope and decreases with fuel moisture. 

The fastest ROS value, 2.5  m s-1, occurs at 30-degree slope and fuel moistures 5% and 10%. 

No uphill spread is seen for slope 1 to 7 degrees at 15% and 25% fuel moisture. In the case of 

6  m s-1 wind, uphill fire ROS increases with slope and decreases with fuel moisture. We see 

non-zero ROS values for all uphill fires at all fuel moistures and slope, with the maximum (4.7  

m s-1) occurring at 30 degree slope, 5% fuel moisture. In the case of 12  m s-1 wind, the uphill 

ROS again increases with slope and decreases with fuel moisture. Uphill spread is seen in all 

fuel moisture cases with maximum 10.3  m s-1 occurring at 30 degree slope, 5% fuel moisture 

(Figure 12).  

In the case of 3  m s-1 wind, the downhill ROS is zero for all slope and fuel moisture 

cases. For 6  m s-1 wind, the downhill ROS increases with slope until 15% then decreases for 

cases slope 20, 30 degrees. No downhill ROS is seen for 20 or 30 degree slope in any fuel 

moisture case. In the case of 12  m s-1 wind, the downhill ROS increases with slope until 15 

degrees then decreases to speeds comparable to the low slope cases in their same fuel 

moisture column. Downhill spread is seen in all fuel moisture cases except slope 30 degrees 

(Figure 13). 
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Figure 12 FIRETEC uphill ROS results for shrubs varying fuel moisture (5%: blue, 10%: 
orange, 15%: green, 25%: red, 50%: purple), and slope (1-10, 15, 20, 30 degrees). Initial wind 
speeds are denoted by symbols circle (3  m s-1), cross (6  m s-1), and square (12  m s-1).  
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Figure 13 FIRETEC uphill ROS results for shrubs varying fuel moisture (5%: blue, 10%: 
orange, 15%: green, 25%: red, 50%: purple), and slope (1-10, 15, 20, 30 degrees). Initial wind 
speeds are denoted by symbols circle (3  m s-1), cross (6  m s-1), and square (12  m s-1).  
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Conclusion 

In the analysis of the CA landscape using LANDFIRE vegetation, USGS elevation, and 

Rao et al. LFMC data sets, we find differences in the statistics of the three burnable fuel types: 

trees, grass, and shrubs. Grass and shrubs show a preference for slopes < 10 degrees, 

whereas trees are found on steeper slopes between 10 - 30 degrees as well. LFMC shows 

similar ranges for trees and shrubs, however, on average tree LFMC is higher than for shrubs.  

Based on these data, representative FIRETEC simulations are created using slopes 

ranging from 1-30 degrees, vegetation heights consistent with the analysis, surface fuel 

moisture ranging 5-50%, and tree and shrub canopy LFMCs at 100%. Ensembles are run for 

three different mean wind speeds: 3 m s-1 , 6 m s-1, and 12 m s-1. The FIRETEC simulations 

highlight how changing slope, vegetation type, wind speed, and fuel moisture affect fire 

spread. For each vegetation type, increasing slope or wind speed also increases the uphill 

spread rate. The downhill spread fluctuates and the trends are not as straightforward as in the 

uphill cases. For a majority of the simulations, however, downhill spread decreases with slope 

and at the steepest slope values shows no spread. Increasing fuel moisture decreases the 

uphill and downhill ROS. It is likely that downhill fire spread is impacted by vorticity-driven 

lateral spread (VLS) in our simulations. This mechanism affects fires spreading across ridge-

tops, where vortex interactions with the terrain induces fire spread perpendicular to the wind 

direction on lee slopes, rather than downhill fire spread (Raposo et al, 2015, Sharples et al, 

2012).  

Comparing fire spread across vegetation types, we find that grass fuels feature the 

fastest ROS values. One reason is that these simulations have no canopy cover and thus the 

wind can flow unimpeded. The next fastest ROS values are shrubs which had uphill spread 

rates similar to the grass ensemble. The slowest ROS values came from the tree ensemble 

which also had several instances of no fire spread, especially in the slow wind case. This study 

highlights the effects topography and vegetation characteristics have on wildfire spread.  
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